Bijective Mapping, M, Between λ 2 and |∇B|
We derive an analytical correspondence between the magnitude of the gradient estimate, |∇B|, and the second eigenvalue, λ 2 , of the PCA transform over the subset of nearest neighbors, K, to point x. We rst acknowledge that the photons in K encode a product of the incident ux density function, B, and the circular density estimation kernel. We establish that the density derivative, ∇B, is analogous to the empirical mean of this product. Furthermore, our chosen indicator of isotropy, λ 2 , is equivalent to the variance of the product in the plane dened by P 2 . Since the variance of a function is analytically derived from its mean, we aim to nd an inverse that expresses mean in terms of variance and, by extension, migration pressure. The space of all possible ux density products is complex necessitating a simplied case from which to derive a bijective correspondence. We use as a model a unit radius kernel, g, that exhibits a discontinuous density function, controlled by a single parameter, a. We illustrate some examples in Figure 1 (bottom) for varying values of a and also demonstrate a sample distribution using 1000 points in the top of that gure.
We integrate g(u, v) over dv and normalize by kernel area to give a probability density function dependent only on u.
The mean value, µ, of g is dened as:
which expands to:
In turn, the variance, Var u is dened as:
Figure 1: The gradient function for various values of a.
Substituting for a and solving yields:
For any value of a in the interval 4 . Hence, using the covariance matrix, the second eigenvalue, λ 2 of the PCA transform of g is equal to Var u . This allows us to invert Equation 7 to arrive at the mapping, M: 
